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2In perturbative QCD, 
s
! 0,    1 and the plasma is considered as an ideal gas. At
T = T
c




=4  0:5, < r > 1 fm and we get    2=3 < 1. Therefore,
during hadronization, the plasma parameter lies in an intermediate region typical of a
non-ideal plasma: collective and individual eects coexist; memory eects and long-range
interactions are present. On the other hand, it is not a true strongly coupled plasma
(  > 1), and a suitable approach describing a system at these intermediate conditions is
still non available.
Recent progresses in statistical mechanics have shown that the non-extensive statistics,
proposed by Tsallis [3], can be considered as the natural generalization of the extensive
Boltzmann-Gibbs statistics in presence of long-range forces and/or in irreversible pro-
cesses related to microscopic long-time memory eects. Since these features are present
in the early stage of the collisions, we argue that the non-extensive statistics can be
more appropriate than the Boltzmann{Gibbs one in the context of high-energy heavy-
ion collisions. Here we investigate how these statistical eects can aect the equilibrium
properties of experimental observables such as the transverse momentum spectrum and
the uctuation-correlation measure of pions emitted during the collisions.
2. Transverse momentum spectrum and q-blue shift
The transverse momentum distribution depends on the phase-space distribution and
usually an exponential shape is employed to t the experimental data. This shape is
obtained by assuming a purely thermal source with a Boltzmann distribution. High
energy deviations from the exponential shape are taken into account by introducing a
dynamical eect due to collective transverse ow, also called blue-shift.
Let us consider a dierent point of view and argue that the deviation from the Boltz-
mann slope at high p
?
can be ascribed to the presence of non-extensive statistical eects
in the steady state distribution of the particle gas. In this framework, at the rst order





































are the modied Bessel function of the



















and we may obtain the generalized slope parameter or q-blue shift (if q > 1)
T
q
= T + (q   1)m
?
: (4)
Let us notice that the slope parameter depends on the detected particle mass and it
increases with the energy (if q > 1) as it was observed in the experimental results [4].
In Fig. 1, we report the experimental S + S transverse momentum distribution (NA35
data [7]) compared with the purely thermal distribution (q = 1) and the one obtained in
the framework of Tsallis statistics (q = 1:038). We will use, consistently, the same value
of q to determine the experimental transverse momenta uctuations. Similar calculations



















q=1,        T=191 MeV
q=1.038, T=160 MeV
Figure 1. Experimental NA35 [7] transverse
momentum distribution compared with the
exponential (q = 1) thermal distribution
(dashed line) and the modied thermal dis-
tribution shape (solid line) by using non-
extensive statistics (q = 1:038)







intervals, at T = 170 MeV and  = 60
MeV. The dashed line refers to standard
statistical calculations with q = 1, the
solid line corresponds to q = 1:038.
3. Transverse momentum uctuations








































), N is the multiplicity of particles produced
in a single event. Non-vanishing  implies eective correlations among particles which
alter the momentum distribution.
In the framework of non{extensive statistics and keeping in mind that it preserves the
whole mathematical structure of the thermodynamical relations, it is easy to show that














































































In the above equations we have indicated with hni
q
the following mean occupation














































NA49 Collaboration has recently measured the correlation 
p
?
of the pion transverse




= (0:61) MeV. This value is the









= ( 4 0:5) MeV, the anti-correlation from limitation in two-track
resolution.




= 24:7 MeV at T = 170 MeV;  =
60 MeV. In the frame of non{extensive statistics, instead, for q = 1:038, we obtain the




= 5 MeV at T = 170 MeV;  = 60 MeV.
In Fig. 2, we show the partial contributions to the quantity 
p
?
, by using Eq.s (6),
and by extending the integration over p
?
to partial intervals p
?
= 0:5 GeV at T = 170
MeV and  = 60 MeV. In the standard statistics (dashed line), 
p
?
is always positive and
vanishes in the p
?
-intervals above  1 GeV. In the non-extensive statistics (solid line),
instead, the uctuation measure 
p
?
becomes negative for p
?
larger than 0:5 GeV and
becomes vanishingly small only in p
?






could be a clear and unambiguos evidence of the presence of non-extensive
regime in heavy-ions collisions.
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